As more and more underground car parks are built in the city, it is important to design an good fire protection system. Nowadays, many car parks use the impulse ventilation system to control smoke when fire takes place. In order to study the smoke control of impulses ventilation during car park fires when sprinkler system is installed, FDS is used to simulate the smoke temperature, concentration and activated sprinkler number during the fire. It is found that with the impulse ventilation, there would be much less smoke upstream the fire, which is favorable for firefighters to put out the fire. Besides there would be much less sprinklers activated with impulse ventilation system, which will help to stable the water pressure of the sprinkler system.
Introduction
Fire events in underground car parks are dangerous due to smoke that may flow rapidly through the compartment with almost no restrictions. These compartments have a large area and their small height reduces the depth of the smoke free lower layer. Fire sources may be very difficult to fight because smoke may easily fill up the whole compartment and impair vision. The cost of car park fires in human, economic and environmental terms is incalculable [1] , and as many of these car parks are in "down town" city locations ,the consequential costs could be catastrophic.
For years car parks have been ventilated using the traditional method of miles of ducting taking up valuable car parking space. There is now an innovative new approach known as impulse ventilation that removes the need for the endless ductwork and uses slim, efficient and powerful fans [2] . The system of impulse ventilation has increased in popularity over the past four or five years. This system uses the principle of adding momentum to the air to thrust it towards a pre-designated extract point and to ensure that there are no dead spots for fumes and smoke to stagnate and collect, as shown in Figure 1 .
When impulse ventilation system has been adopted in an underground car park, It is common to use it as smoke control system when a fire happens. To ensure fire safety in underground car parks, studies on the smoke control effect of impulse ventilation are required. In this paper, numerical simulations on smoke control of impulse ventilation system in an underground car park with sprinkler system is presented. Predictions of temperature, visibility and activated sprinklers are presented. The fire dynamics simulator (FDS) code [3] , based on the concept of large eddy simulation, is adopted in the present simulation.
Numerical simulations

Car park model
The dimensions of the constructed car park is :L x W x H = 30m x 28.5 m x 2.4m.The fire is located in the middle of the car park and has a surface A= 3 x 1.4 m2, as shown in Figure 2 . The design fire reaches to a peak heat release rate of 4 MW in the beginning and stays constant for the next 240 seconds. The peak heat release rate of 4 MW is based on simulations [4] , which is realistic for a single burning car in a car park with sprinklers [5] .In order to save computing times, the fire development and decay stage are not considered. A sprinkler system has been installed in the car park according to [6] , and there are 100 sprinklers in total in this car park model. The jet fan is not modeled in this model , instead a longitudinal velocity is prescribed as a boundary condition at the inlet of the car park [7] . Four exhaust fans are installed in the ceiling of the end of the car park model.
Simulation cases
In this study, two cases have been simulated with different total extraction of the four fans, as shown in table 1. The total fan extraction of 400 000 m3/h is set according to [4] , and the sprinkler flow rate is set as the minimal requirement according to [6] . Case 1 is simulated with both impulse ventilation system and sprinkler system, and case 2 is simulated with only sprinkler system. Once a car catches fire in an underground car park, it will produce a lot of smoke, which will forms a smoke layer in the car park. As the fire develops, the temperature of the smoke layer becomes higher, which will give high radiation to the cars nearby. When the radiation heat is higher enough to ignite the surface of automobiles, the fire will spread to other cars. In this paper, the ceiling temperature distribution in the car park is used to make a qualitative analysis of fire spread under the four cases. Fig.3 shows the ceiling temperature distribution at 240s of the two simulations respectively. In case 1 with 400 000 m3/h extraction and sprinkler system, the high temperature smoke has been controlled well, which only exists in a small area of the fire downstream; In case 2 with only sprinkler system, the high temperature smoke covers a large area in both fire upstream and downstream, which will make the fire easier to spread. 
Visibility distribution
One of the most important parameters for evacuation in underground fires is visibility. According to fire performance-based criterion, a minimum visibility of 10m at one person's head must be maintained for evacuating from fire in a large space. As usually there is few people in an underground car park, evacuation is not a big issue for car park fires. In this paper, the visibility criterion is used to analyze the possibility for the fire fighters to put out the fire. Fig.4 shows the visibility distribution at 1.8m high at 240s of the two cases respectively. In case 1 with 400 000 m3/h extraction and sprinkler system, the visibility in most part of the car park maintains well above 10m, which is very favorable for the fire fighter to tackle the fire; In case 2 with only sprinkler system, the visibility in the whole car park drops below to 10m, which is impossible for the fire fighter to tackle the fire without special appliances.
(a) case 1 (b) case 2 
Sprinklers activated
According to [6] , car parks are classified as ordinary hazard 2 (OH2) occupancies, and the minimum requirement for area of operation of OH2 sprinkler system is 144 m2 when it is wet or pre-action type. In our car park model, the distance between sprinklers is 3m, so there are 16 sprinklers installed in an area of 144 m2. In order to work properly in the worst fire scenario, the maximum sprinklers activated during the simulation shouldn't be more than 16 in the car park, otherwise the water pressure and flow rate for each sprinkler won't fulfill the design requirements. Fig.5 shows the number of activated sprinklers in the end of simulation. In case 1 ,there are 16 sprinklers activated, which fulfills the design requirement. In case 2 with only sprinkler system, there are as many as 32 sprinklers activated. It can be concluded that if there is no impulse ventilation system, the sprinkler system may not work properly to fulfill the fire code requirement. 
Conclusions
Numerical simulations of sprinkler system and impulse ventilation in an underground car park are carried out using the FDS code. Two cases with different combinations of ventilation and sprinkler system have been simulated to investigate the effect of sprinkler system and impulse ventilation on car park fires. Based on the analysis of the temperature distribution, visibility distribution and sprinklers activated, it can be concluded qualitatively that with only the sprinkler system, the smoke back-layering will be very long and too many sprinklers will be activated, which poses great challenge for the fire fighter to tackle the fire and for the sprinkler system to work properly ; With both of the two systems, the condition in the car park is much better, so the impulse ventilation system is very effective to control the smoke during an underground car park fire.
